Sleep disturbances are highly prevalent in women with breast cancer; side effects of cancer treatment may worsen pre-existing sleep problems and have been pointed to as important determinants of their incidence. Therefore, we aimed to assess the association between different types of breast cancer treatment and sleep disturbances, through a systematic review. Medline (using PubMed), CINAHL Plus with full text, PsycINFO and Cochrane Central Register of Controlled Trials (Central) were searched from inception to January 2014. Studies that evaluated samples of women with breast cancer, assessed sleep disturbances with standardized sleep-specific measures, and provided data for different cancer treatments were eligible. A total of 12 studies met the inclusion criteria. Three studies evaluated insomnia, five studies assessed sleep quality, two provide data on general sleep disturbances and two analysed specific sleep parameters. Women submitted to chemotherapy, or radiotherapy, tended to report higher levels of sleep disturbances. More heterogeneous findings were observed regarding the effect of surgical treatment and hormonal therapy. However, a sound assessment of the impact of these treatments was hampered by differences across studies regarding the outcomes assessed, reporting bias and the fact that most studies did not control for the effect of potential confounders. The present review highlights the potential relation between breast cancer treatments and sleep disturbances, particularly of chemotherapy, though more robust evidence is needed for a proper understanding of these associations.
Introduction
In the last decades, the trends towards earlier detection of breast cancer and use of more effective treatments have resulted in higher incidence and improved survival, along with lower mortality rates [1e3] . Currently, breast cancer is one of the most frequent, with an estimated 1.7 million new cases diagnosed in 2012, corresponding to 25% of all cancers among women [4] . It is also a major contributor to the overall number of disability-adjusted life-years (DALYs) lost due to oncological diseases. In countries with a very high human development index, the years of life lived with disability account for over one-third of the age-adjusted DALYs due to breast cancer [5] , which highlights the importance of a comprehensive assessment of its burden.
Sleep disorders are defined as a specific diagnostic of a wide range of problems characterized by the symptoms of insomnia, excessive day sleepiness and/or abnormal movements, behaviours, or sensations [6] . However, different terms related to sleep disorders have been used in the literature, namely sleep disturbances, insomnia, impaired sleep, sleep patterns and sleep-wake disturbances. Since most of the studies in this topic include the evaluation of sleep disorders, global sleep quality or other sleep characteristics, sleep disturbances have been previously used to name all sleep-related outcomes [7] .
Breast cancer patients often complain of sleep problems; it is estimated that the prevalence of poor sleep in breast cancer patients range from 20 to 70% [8] , depending on the study design and method of assessment. The proportion of sleep disturbances in this population is higher than the observed in healthy adults [9, 10] , and in other oncological patients [11] . These findings are particularly relevant since sleep disturbances have a negative impact on the physiological and psychological functions, including immune function [12] , cognitive impairment [13] , depression [14] and fatigue [15] , being likewise a strong predictor of different measures of quality of life in this population [16] .
The aetiology of sleep disturbances in breast cancer patients is multi-factorial; in fact, demographic, environmental and lifestyle factors, psychological disturbances and comorbid medical disorders have been pointed to as main factors contributing for its occurrence [8, 17, 18] . Cancer-related treatments, and their wide range of side effects, are other important feature frequently associated with the occurrence of sleep disturbances [19, 20] . In addition, breast cancer diagnosis and associated treatments, may also contribute for worsening pre-existing sleep problems [21] .
Therefore, we aimed to assess the relation between different types of breast cancer treatment and sleep disturbances, through a systematic review of the published evidence.
Methods
We searched Medline (using PubMed), CINAHL Plus with full text, PsycINFO and Cochrane Central Register of Controlled Trials (Central), from inception to January 2014, with the following search expression: (sleep* OR insomnia OR circadian rhythm OR parasomnia OR hypersomnia OR awakening OR somnolence OR drowsiness OR wakefulness) AND breast cancer. Searches in CINAHL Plus with full text were expanded to also include related words.
Observational and experimental studies addressing the effect of breast cancer treatments (i.e., surgical treatment, chemotherapy, radiotherapy and hormonal therapy) on sleep disturbances were eligible. There were no language restrictions.
The exclusion criteria were the following: 1) studies not involving humans (in vitro or research conducted in animals); 2) case reports, qualitative research studies, non-systematic reviews or reviews not addressing the impact of breast cancer treatments on sleep disturbances, guidelines, conference or meeting abstracts and theses; 3) studies not involving women with breast cancer; 4) studies addressing the role of sleep disturbances as a risk factor for breast cancer; 5) studies not providing data on sleep disturbances evaluated with standardized sleep-specific measures, such as sleep questionnaires with established psychometric properties of validity and reliability, sleep diary, actigraphy or polysomnography; 6) studies not presenting quantitative data on sleep measures for different breast cancer treatments.
In addition, we excluded all studies that only evaluated circadian phase markers, including melatonin and core body temperature, as well as cortisol and other endocrine hormones. This is because there is insufficient evidence to recommend circadian phase markers for routine clinical evaluation of circadian rhythm sleep disorders, as some of these biomarkers are strongly affected by many other factors that may mask the underlying circadian signals [22e24] .
After the identification of potentially relevant references of original studies and the exclusion of multiple reports of the same article, we performed an initial screening of the reference list based on their titles and abstracts. Further, we conducted a detail assessment of the full texts and extracted data from those that met the selection criteria. The reference lists of the studies selected for inclusion in the systematic review were also screened, following the same criteria, to identify other potentially eligible reports.
From each paper selected for the systematic review, we collected data regarding the country where the study was conducted, the type of study (clinical trial, cohort, caseecontrol, crosssectional), sample characteristics (sample size, age, cancer stage, time since diagnosis), instruments used to assess sleep disturbances, estimates of the association between breast cancer treatments and sleep characteristics, or the necessary information to compute them, and strategies used to control confounding, whenever applicable. When multiple reports from the same study were identified, we extracted data from the report providing the most detailed and/or valid estimates of the effects of cancer treatments on sleep. Regarding prospective studies with evaluations at different moments after baseline, only the results corresponding to the longest follow-up were extracted.
The screening of the reference lists, selection of papers for the review and data extraction, were accomplished independently by two researchers (ARC, FF), following predefined criteria. Discrepancies in the assessment performed by the two reviewers were resolved by consensus or involving a third researcher (NL). A detailed flowchart of the systematic review is presented as Fig. 1 .
Due to the heterogeneity of the methods used for the assessment of sleep disturbances, and options for presentation of results, it was not possible to perform a quantitative synthesis of the main findings. Therefore, the impact of different breast cancer treatments on sleep was analysed taking into account the direction and statistical significance of the associations observed when comparing each treatment with a reference group (other treatment or absence of that specific type of treatment). The results were classified as "lower levels of sleep disturbances" when the breast cancer treatments being assessed were negatively associated with the occurrence of sleep disturbances, or "higher level of sleep disturbances" when a positive relation was observed. Additionally, the results were classified in relation to the corresponding P-values and categorized as follows: <0.050 (statistically significant); !0.050 and <0.100 (close to statistical significance); !0.100 (not statistically significant). Whenever necessary, additional comparisons between treatments were computed by the authors of the present systematic review, using the chi-square test for categorical variables, or the t-test for continuous variables. When the studies evaluated several sleeprelated outcomes, only one result, corresponding to the strongest and/or statistically significant relation between treatment and sleep disturbances, was considered.
Results
Twelve studies were included in the systematic review [13,16,25e34] , which are described in detail in Appendix 1. Most of these investigations were conducted in North America (10 in the United States [16,25e28,30e34] and one in Canada [13] ) and one was from Denmark [29] . The reports were published between 1998 and 2013, but mostly since 2011 (58% of the studies). The median sample size was 101, ranging between 32 and 3002. Nearly all analyses of the effects of cancer treatment on sleep were crosssectional, and longitudinal data was retrieved from one study [27] . The patients' age ranged between 26 and 89 years, and most studies included only non-metastatic breast cancer patients; only two reports included metastatic breast cancer patients [27, 30] . In most studies, data were collected after surgery or after completion of chemotherapy and/or radiotherapy, with the exception of two cohort studies, one with a baseline assessment prior to surgery and with monthly assessments for six months following surgery [27] , and another that evaluated sleep parameters only during chemotherapy treatments [34] . Furthermore, the full range of the treatments received by the patients in each of the groups being compared is not described in most studies. A summary of the methodological characteristics potentially associated with bias or confounding is presented in Table 1 . Regarding the timing of assessment of sleep, only one study stated the evaluation of the participants before surgical treatment [27] . The estimates available from six studies did not control for the effect of potential confounders [13, 25, 26, 31, 32, 34] . In four studies, the impact of breast cancer treatments on sleep disturbances were not fully reported because the results were not statistically significant [16, 27, 32, 33] .
Concerning the evaluation of sleep disturbances, six different sleep-specific instruments were used (Table 2) , including five types of subjective assessment [mostly based on the Pittsburgh Sleep Quality Index (PSQI)], and one type of objective measurement of sleep (wrist actigraphy). Insomnia was evaluated in three studies included in this systematic review [13, 25, 31] . Five studies evaluated sleep quality [16, 28, 29, 32, 33] , two assessed general sleep disturbances [26, 27] and two provided data on specific sleep parameters [30, 34] .
The association between breast cancer treatments and sleep disturbances is summarized in Fig. 2 .
Surgical treatment
The effect of different surgical treatments on sleep was evaluated in two studies [26, 29] (Fig. 2A ). Mastectomy and lumpectomy were associated with lower levels of disturbances when compared to no surgical treatment (in this case, women were only submitted to breast biopsy) [26] , though not statistically significant. Inconsistent findings were observed regarding the effect of mastectomy when compared with lumpectomy [26, 29] .
Chemotherapy
Overall, a tendency for higher levels of sleep disturbance was observed in women submitted to chemotherapy [27, 28, 30, 31] , although the opposite was observed in three studies (not statistically significant in two) [25, 27, 29] . When compared with radiotherapy, chemotherapy was also associated with higher levels of sleep disturbances [31, 33] . Regarding the comparison between different types of chemotherapy, doxorubicin [34] and FEC [fluorouracil (5-FU) þ epirubicin þ cyclophosphamide] regimens may have higher prevalence of sleep disturbances [13] . Women treated with taxane agents had lower prevalence of sleep disturbance than those treated with chemotherapy without taxane agents [13, 25] (Fig. 2B) .
Radiotherapy
Breast cancer patients submitted to radiotherapy tended to report higher levels of sleep disturbances than those not submitted to this type of treatment [25,29e31] . However, as previously mentioned, when radiotherapy was compared with chemotherapy, lower levels of sleep disturbances were observed [31, 33] (Fig. 2C) .
Hormonal therapy
As shown in Fig. 2D , two studies showed that women submitted to hormonal therapy were more prone to report sleep disturbances than those not receiving this type of treatment [29, 30] . Although one study found higher levels of sleep disturbances in women treated with tamoxifen [31] , two other studies reported lower levels in those women [16, 25] . In addition, women taking anastrozole presented higher prevalence of insomnia, when compared with women taking letrozole or exemestane, although these associations were not statistically significant [25] .
Discussion
This systematic review provides an overview of the best available evidence on the association between different breast cancer treatments and sleep disturbances.
Despite the inconsistent results, women submitted to chemotherapy, as well as radiotherapy, tended to report higher levels of sleep disturbances. Less consistent results were observed regarding the impact of surgical treatments and hormonal therapy. However, the achievement of most robust findings was hampered by the heterogeneity of sleep-related outcomes and their assessment, the partial description of all treatments received by the patients, the absence of control for confounding observed in most of the studies, and the presence of reporting bias.
Breast cancer treatments have several associated side effects, which may contribute to impaired sleep in these patients. The cumulative effect of toxic agents on body functions, the physical impact of distressing symptoms (including nausea, vomiting, diarrhoea, urinary frequency or skin reactions related with radiotherapy), changes in body image and hospitalization, as well as other comorbid-related conditions (e.g.: pain, fatigue, depression, anxiety, stress), are frequently reported as the main cause or aggravating factor for sleep disturbances in this population [17, 18, 41] . Another potential risk factor for sleep disturbances among breast cancer patients is the high proportion of vasomotor symptomatology, namely hot flashes and night sweats, as a side effect of chemotherapy-induced ovarian disruption or hormonal therapy following chemotherapy [42] . Additionally, surgical procedures are associated with functional impairment, producing pain and inflammatory responses that can impair sleep and anaesthetics may adversely affect sleep quality and waking for prolonged periods [43] . Although we could expect higher levels of sleep disturbances among women undergoing mastectomy than those receiving breast conserving surgery, this was not confirmed in our study.
For a better understanding of the relation between breast cancer treatment and sleep disturbances, more prospective studies with baseline evaluations before treatment are needed. In fact, previous studies have shown that women with breast cancer frequently report higher levels of sleep disturbances prior to treatment [15, 44, 45] , whereas for some patients the onset of insomnia followed the breast cancer diagnosis and others reported that cancer either caused or aggravated their sleep difficulties [21] . In the only prospective study included in our systematic review that evaluated sleep disturbances prior to treatments, it was possible to observe a slight increase followed by a decrease in sleep disturbances, although the scores remained above the clinically meaningful cutoff for sleep disturbances [27] . The trajectory of disruptive symptoms during treatments also seems to be particularly influenced by pre-treatment symptoms [46] .
Despite the increasing interest observed in the last few years regarding the impact of breast cancer and their treatments on sleep disturbances, the assessment of these outcomes also needs to be improved. In fact, several studies were excluded because they did not evaluate sleep with standardized sleep-specific measures. Similar findings were observed in a previous systematic review regarding the methodological approaches of sleep disturbances and quality of life in adults with cancer: of the 40 studies included only four used a multi-item sleep specific instrument [7] . According to the recommendations for a standard research assessment of sleep or insomnia symptoms, in epidemiological studies, these characteristics should be evaluated with global sleep and insomnia measures (namely PSQI and Insomnia Severity Index), sleep diary, actigraphy or polysomnography [47] . Thus, we opted to only include those studies using these types of sleep measures, aiming to guarantee the quality of sleep assessment. None of the studies included evaluated sleep disorders with polysomnography, which is the gold standard for the assessment of sleep disorders, possibly reflecting the costs and efforts that this measure implies. Additionally, even when different studies used the same instrument, distinct sleep-related outcomes were provided in the reports; this hindered the comparison of the impact of breast cancer treatments by type of sleep disturbance.
Although no formal assessment of selection bias could be accomplished due to the heterogeneity of data presented in each study, a total of 12 reports were excluded because they did not present any quantitative estimates regarding the association between breast cancer treatment and sleep disturbances [48e59] . With the exception of one study that reported that women taking tamoxifen had poorer sleep quality than those not submitted to this treatment [58] , all of the other studies did not report the direction of the results. Also, some of the reports included in this systematic analysis underreported results without statistical significance, which may have overestimated our assessment of the impact of breast cancer treatments on sleep disturbances. Three of the 12 studies included in our review reported data on several sleeprelated outcomes, and we opted to include in the figures summarizing evidence only those corresponding to the strongest and/or statistically significant relation between treatment and sleep disturbances; although this strategy for data synthesis may also have contributed to overestimating the relation between treatments and these side effects, it is more sensitive for the detection of potentially deleterious effects of treatments. Another important issue refers to the fact that the associations between breast cancer treatments and sleep disturbance may be misestimates due to the lack of control for potential confounding; in fact, only six of the studies included in the systematic review presented adjusted estimates. Of the wide range of potential confounders, for instance, cancer stage, age and menopausal status appear to be crucial variables. Indeed, treatments options are dependent of cancer stage and related features (e.g. tumour size) [60, 61] , and prevalence of sleep disturbances has been associated with this factor [21] . Age is also taken into account when deciding breast cancer treatments [62] , and changes in sleep patterns and higher prevalence of sleep disorders were observed with increasing age [63] . Additionally, menopausal status may determine the type of breast cancer treatments, particularly hormonal therapy [64, 65] , and postmenopausal women were more likely to present impaired sleep than pre-menopausal [29, 66] . Socioeconomic factors [67, 68] and presence of other co-morbidities [41, 62] may also need to be considered in data analysis as potential confounders.
This systematic review highlights the need for improvements in methodological procedures in future studies, particularly the achievement of a consensual definition of sleep disturbances, use of adequate tools for sleep evaluation, longitudinal analysis of sleep disturbances, with evaluations preformed prior to treatments, as well as control for the effect of possible confounders. Our results do not exclude the hypothesis that breast cancer treatments, particularly chemotherapy, are associated with sleep disturbances, but more robust evidence is needed for a proper understanding of the effects of treatment regimens on this outcome with potential impact in the patients' quality of life.
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